Introduction: Patients with type 2 diabetes have lower quality of life, which is further impaired by diabetes complications and comorbidities. This study aims to evaluate the impact of diabetes complications and comorbidities on EuroQol Five-Dimension Three-Level (EQ-5D-3L) scores among patients with type 2 diabetes with ongoing oral drug treatments in China. Methods: This retrospective cross-sectional analysis included 9570 patients with type 2 diabetes on oral drug treatments, who were enrolled from 75 hospitals in nine cities in China. Patient characteristics, including demographic data, health conditions, oral treatment history, and health insurance coverage, were collected through self-reported questionnaires. Health utility was measured by the EQ-5D-3L scale in the questionnaire and a Chinese version of the EQ-5D-3L scoring weights was applied in the analysis. The associations between complications and health utility were assessed using linear regression. Results: A total of 7081 patients with complete survey data were included in the analytic sample; 3479 (49.13%) patients were female. The mean age was 59.6 years old, with a standard deviation (SD) of 12.64. The average duration with type 2 diabetes was 7.91 (SD = 6.22) years. A total of 5189 (73.28%) patients reported complications. Hypertension (51.25%) and hyperlipidemia (28.90%) were the most common complications. Other complications reported by patients included cardiovascular disease, stroke, retinopathy, nephropathy, diabetic foot, and hypoglycemia. On average, each patient had 1.54 complications. All complications and comorbidities decreased the EQ-5D-3L score. Among patients with complications, the worst effect on EQ-5D-3L score was caused by diabetic foot, decreasing by 0.118 (p \ 0.001), followed by stroke (decreasing by 0.101, p \ 0.001) and nephropathy (decreasing by 0.058, p \ 0.001). Conclusion: The diabetes complications and comorbidities among patients with type 2 diabetes were associated with poor health utility scores, especially for those with diabetic foot, stroke, and nephropathy.
INTRODUCTION
Diabetes is an important public health problem in China. The prevalence rate of type 2 diabetes in China has increased from less than 5% of the Chinese population in the 1980s to more than 10% at present [1] . Diabetes-related complications are common in both outpatient and inpatient settings [2] and range in prevalence rate from 50% in outpatients to 90% in inpatients [3] [4] [5] . Common complications of type 2 diabetes include skin complications, eye complications, neuropathy, foot complications, nephropathy, hypertension, stroke, and heart diseases [6] . In the Chinese population, hypertension was identified as the most prevalent complication for Chinese patients with type 2 diabetes, followed by ischemic heart disease and chronic kidney disease [7] .
Moreover, direct medical expenses for patients with diabetes and complications are higher than those of patients without complications, and they increase with increases in the number of complications [2, 8] . From 2009 to 2011, there was an increasing trend in diabetes-related medical costs in China, from USD 1655 to USD 1857 [8] . Indirect medical costs, such as transportation, and loss in labor productivity due to health conditions can also be a huge financial burden on patients. For the health system, the estimated healthcare expenditure due to diabetes in 2017 was USD 549.4 per person with diabetes and total healthcare expenditure was USD 63.1 billion [9] .
Patients with type 2 diabetes have lower health-related quality of life compared with healthy individuals [10] . Patients with cardiovascular complications or diabetic retinopathy had lower quality of life than patients with type 2 diabetes only [11] [12] [13] . Each additional complication can further decrease the healthrelated quality of life for patients with type 2 diabetes. In China, a previous study found that patients with type 2 diabetes experienced poor quality of life, and complications were associated with decreased quality of life [14] . A previous study in Taiwan focusing on patients with type 2 diabetes in outpatient settings found that greater negative impact of diabetes on quality of life was associated with younger age, male sex, more educated with low income, more diabetes complications, higher hemoglobin A1c (HbA1c), and using insulin [15] .
In economic evaluation research, qualityadjusted life-years (QALYs) are widely used to address the benefit or harm of health interventions. QALYs are also commonly accepted as a reference standard to use in cost-effectiveness analysis. Health utility, as a measurement of QALYs, is the preferred value to represent patients' overall health status. Ranging from 0 (equal to death) to 1 (equal to perfect health), health utility can summarize both positive and negative impacts of health interventions on health outcomes. By using health utility, it allows researchers to compare the health outcomes for different health conditions or different health interventions, and so on [16] . Many previous studies in health technology assessment have applied the EuroQol Five-Dimension questionnaire (EQ-5D) in measuring health utility, because it has both a qualitative evaluation method, the visual analogue score (VAS), and quantitative evaluation method, the preference-based measures [17] .
Despite diabetes being an important public health issue in China, no previous studies have been conducted to estimate the decrements in health-related quality of life based on each complication condition among patients with type 2 diabetes in China. It is important and urgent to quantify the decrements in health to better understand the impact of each complication and to improve healthcare delivery for Chinese patients. The findings from this study can be further used in cost-effectiveness analysis of certain health interventions to improve quality of life among patients with type 2 diabetes on oral treatments and with complications. It can also provide recommendations for policymakers regarding healthcare resource allocation. The present study aimed to estimate the decrements of EuroQol Five-Dimension Three-Level (EQ-5D-3L) scores by diabetes complications and comorbidities in patients with type 2 diabetes and ongoing oral drug treatments in China.
METHODS

Study Population
This study used secondary data from Han et al.'s study [14] conducted in China. The study randomly enrolled 9570 patients with type 2 diabetes and ongoing oral drug treatment from 75 hospitals in nine cities in China. Inclusion criteria were (1) patients must be at least 18 years old; (2) patients' health conditions were qualified according to the 1999 World Health Organization (WHO) diagnostic standards of type 2 diabetes; (3) patients must have been on oral drugs constantly or inconstantly after being diagnosed but have not taken insulin as treatment; and (4) patients did not have cognitive function problems or problems in answering questions, and they were willing to participate in the study. Survey questionnaires were used to collect data [14] . This study used de-identified secondary data from a previous Chinese study. Informed consent was obtained prior to data collection. The previous study and data collection were approved by the Ethics Committee of Peking University People's Hospital.
Data Source
Survey questionnaires were used to collect data in Han et al.'s study [14] . Data collected in the questionnaires included (1) sociodemographic characteristics, such as gender, age, education level, health insurance coverage, employment status, and income level; (2) medical history, such as body mass index (BMI), duration of type 2 diabetes, complications, and blood pressure; (3) EQ-5D-3L scale, including EQ-5D health utility and EQ-VAS (visual analogue scale).
Measurements
Health Utility
The EQ-5D-3L was used to measure health utility. EQ-5D is the most commonly used generic health status measurement. It contains health state description and evaluation. The health state description includes morbidity, self-care, usual activities, pain/discomfort, and anxiety/ depression. In order to adapt this scale to the study population, it was scored by a Chinese version of the EQ-5D-3L scoring weights. Selfreported health status was calculated by EQ-VAS scale.
Explanatory Variables
Age, gender, education level, years since diagnosis were included from the survey questionnaire. Disease histories of hypertension, cardiovascular disease, stroke, retinopathy, nephropathy, diabetic foot, and hypoglycemia were included in the questionnaire. Hypoglycemia was further divided into symptomatic hypoglycemia and severe hypoglycemia.
Data Analysis
In the present study, descriptive analysis was performed to demonstrate the characteristics of the study population, including sociodemographic characteristics, complication rates, and EQ-5D health utility. Linear regression was used to analyze the associations between complications and health utility. The analysis was performed in Stata 10.
RESULTS
Study Population
Among 9577 surveys, 7081 patients had complete information of interest. Mean age was 59.60 (standard deviation (SD) = 12.64) years old, 3479 (49.13%) patients were female, and average duration of type 2 diabetes was 7.91 (SD = 6.22) years. A total of 5189 (73.28%) patients had at least one complication.
To further describe the sociodemographic characteristics of the study population, patients were categorized into three groups based on the total number of complications: patients with no complications, patients with one to two complications, and patients with three or more complications ( Table 1) . Within each category, age, gender, education level, employment status, and monthly income level were significantly differently distributed. Patients with more complications were at least 60 years old. Over 85% of all the patients (n = 6036) had at least moderate elevation in HbA1c level (HbA1c C 7%).
EQ-5D Health Utility
The average EQ-5D utility was 0.87 (SD = 0.15) and the mean EQ-5D VAS was 70.89 (SD = 14.60) ( Table 2 ). It varied significantly across age groups, gender, education levels, employment status, and monthly income levels.
Complications
The most prevalent complication in the study population was hypertension; 3629 (51.25%) patients had hypertension, followed by hyperlipidemia (2046 patients, 28.89%), and retinopathy (1341 patients, 18.94%). Other most prevalent complications included in the questionnaire were cardiovascular disease (18.30%), neuropathy (14.80%), nephropathy (10.97%), stroke (8.33%), and diabetic foot (3.45%) ( Table 3) .
EQ-5D Index by Complications
By examining each complication individually, all the complications had significant impacts on EQ-5D utility (p \ 0.001); the EQ-5D utility decrements ranged from 0.15 to 0.29 (Table 3) . Although the study population had the lowest prevalence rate of diabetic foot, it had the greatest impact on EQ-5D utility and VAS index. Patients with diabetic foot had the lowest EQ-5D utility of on average 0.71 (SD = 0.23), and the lowest EQ-5D VAS of on average 64.32 (SD = 16.32). The impact was significantly different compared with those patients without diabetic foot (p \ 0.000). In contrast, patients with the most prevalent complication, hypertension, had the highest EQ-5D utility of on average 0.85 (SD = 0.17), and the second highest EQ-5D VAS of on average 69.79 (14.64) . The impact of hypertension on health utility was significant (p \ 0.001). The impact of all the complications was also significant on the selfreported health status among the study population, except for hyperlipidemia (p = 0.2414).
In addition, instead of looking at each specific complication but using the number of complications, EQ-5D health utility and EQ-5D VAS index decreased with additional complications ( Fig. 1a, b ). Patients with no complications had the highest EQ-5D utility and VAS self-reported health status of on average 0.92 and 73.50, respectively. Patients with additional complications would have lower utility and selfreported health status. For instance, patients with three or more complications had the lowest scores in both the utility and VAS health status of on average 0.79 and 67.21, respectively ( Fig. 1a, b ). Table 4 shows the results from the ordinary least squares (OLS) regression to further describe the association between EQ-5D index and complications, controlling for all sociodemographic characteristics.
Association Between EQ-5D Index and Complications
In regard to EQ-5D health utility score, duration of type 2 diabetes for 10 years or longer had lower scores by 0.014 compared to those who had been diagnosed with type 2 diabetes for 5 years or less (p \ 0.01). Cardiovascular disease, stroke, retinopathy, nephropathy, diabetic foot, and additional symptomatic hypoglycemia events were negatively associated with lower health utility score by 0.007-0.118 (p \ 0.001). Hypertension or hyperlipidemia was associated with a decrease in the score, but the association was not significant (p [ 0.05).
Most of the complications had similar effects on the EQ-5D VAS score. Diabetic foot was associated with greatest impairment as measured by a VAS reduction of 4.260 points (p \ 0.001).
DISCUSSION
To the best of our knowledge, this is the first study that estimates the decrements in health utility caused by complications among Chinese patients with type 2 diabetes and ongoing oral drug treatments. In our study population, the most common complication was hypertension, followed by hyperlipidemia, retinopathy, cardiovascular disease, neuropathy, nephropathy, stroke, and diabetic foot. All complications were negatively associated with the EQ-5D. Diabetic foot reduced the measured EQ-5D utility the most, while hypertension was associated with the greatest reduction in self-reported health status among the study population. Patients with more complications had lower EQ-5D health utility score and VAS score. Age 60 years or older, female sex, middle school or lower education level, and 10 years or longer duration of diagnosis were negatively associated with the EQ-5D health utility score.
Our findings are consistent with previous studies. In the UK, patients with type 2 diabetes and kidney disorders had the greatest decline in health utility, while in Sweden, patients with type 2 diabetes and stroke had the greatest decline in health utility [18] . Hypertension, obesity, and dyslipidemia were found to be highly prevalent among patients with type 2 diabetes receiving oral medications in a crosssectional study at outpatient clinics in Bangladesh [19] . Other complications were eye problems, followed by chronic kidney diseases and cardiovascular diseases. While in our study we focused on patients with type 2 diabetes and ongoing oral drug treatments in outpatient settings, the highest prevalent complication in our study population was hypertension, followed by hyperlipidemia and cardiovascular disease. Obesity was not included in the questionnaire; thus, we did not evaluate the prevalence of obesity among the population. Zhang et al. [20] also found that major diabetes complications were associated with decreased health-related quality of life in a USA-based observational study of diabetes care in managed care, complications including heart disease, nonpainful diabetic neuropathy, congestive heart failure, and painful neuropathy. Similar findings to those of Zhang et al. were found in a Singapore population, using the 36-item Short Form (SF-36) health survey [21] . Complications such as coronary heart disease, peripheral neuropathy, and severe retinopathy were significantly associated with lower physical component scores. Other complications such as stroke, blindness, and renal failure in our analysis were also found to be negatively associated with health-related quality of life in an Australian study [22] . As shown in Table 4 , all the complications had negative impacts on the EQ-5D utility and self-reported health status among the study population. However, when controlled for other variables in the OLS regression (Table 4) , the impacts of hypertension and hyperlipidemia were not significant on the EQ-5D utility and the self-reported health status. Furthermore, in our study population, hyperlipidemia was found to be positively associated with the EQ-5D VAS score. One possible reason is that lacking information for durations of the complications may lead to a biased estimator. For example, one study estimating the impact of six diabetes-related complications on quality of life using multiple rounds of EQ-5D questionnaires in diabetic patients in the UK found different short-term and long-term impact of myocardial infarction (MI) on quality of life [23] . Another possible reason is that the interactions between the complications may have an impact on the quality of life, but they were not included in the regression analysis. For example, macrovascular complications, including coronary artery disease, myocardial infarction, stroke, congestive heart failure, and peripheral vascular disease, are well recognized with long-term hypertension. Microvascular complications, such as retinopathy, nephropathy, and neuropathy, are associated with hyperglycemia [24] . In addition, among outpatients with type 2 diabetes, microvascular and macrovascular complications also interact with somatic neuropathy [25] . Future study can consider including these interactions when analyzing the impacts of complications on health utility.
There are some limitations in our study. First, the data we used was extracted from survey questionnaires; self-reported information would introduce information bias and recall bias, especially when it comes to diabetes duration or duration of oral drug treatment. Second, our study population included patients in outpatient settings and it was difficult for patients to adhere to lifestyle management or disease risk management. Because it lacks medication adherence monitoring, it may lead to the development of complications and ineffective diabetes management. Thus, without considering the medication adherence of oral drug treatment among the patients, the estimators may be biased. Third, cardiovascular disease included in the questionnaire was broad, so we could not obtain an indepth understanding of impacts of specific cardiovascular conditions, such as myocardial infarction, ischemic heart disease, or heart failure, on health utility. Finally, there is a great chance that the selected patients had a more severe condition, such as having more complications or blood pressure that was not well controlled. The estimated impacts of the complications on the health utility may not be representative of those patients with a more stable health condition. 
CONCLUSIONS
Among patients with type 2 diabetes and ongoing oral drug treatments, complications and comorbidities have significant decrements on health utility scores, especially among those with diabetic foot, stroke, and nephropathy. The disutility from each complication can be used for future economic evaluations among this population. Authorship. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.
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